The present work, provides a simple technique for the production of silver nanoparticlesbased on the explosion of thin silver wires in different liquids (distilled water, ethylene glycol and cyclohexane),by applying 36 Volt DC to two electrodes, one of them is a thin wire and the other is a plate, and bring them to touch mechanically. The nanoparticles are characterized by X-ray diffraction and UV-Visible spectroscopy.X-ray diffraction results reveal that the nanoparticles continue to routine lattice periodicity at reduced particle sizes. The UV-Visible absorption spectrum of the liquid solution of the silver nanoparticles shows a sharp and single Surface Plasmon Resonance (SPR) peak centered at a wavelength around 400nm, this peak indicated the production of pure and spherical silver nanoparticles. The TEM and SEM images show that the silver nanoparticles have narrow particle size distribution ranged from 20-120nm with average particle size of 80nm. The silver nanoparticleswhich were prepared in water or ethylene glycol had no difference in their average particle size and particle size distribution, while those which were prepared in cyclohexane had smaller sizes.
INTRODUCTION
anoparticles have novel physical and chemical properties [6] and they have many applications; such as optoelectronic materials, magnetic fluids, composite material, fuel cells, pigments and sensors [4, 10] .Silver nanoparticles can be used in many applications; such as, antimicrobial medical materials, surface Plasmon resonance (SPR) sensors and conducting pastes [10, 5] . Metal nanoparticles were produced by alaser beam [12] , N electron beam, mechanical milling [1] , electrical exploding wire [9, 17] , chemicalvapordeposition andplasma enhanced chemical vapor deposition [13, 2] . In this work the nanoparticles produced through the dominant mechanism of spark explosion which is an adaptation of the phenomena called electro-explosion of wires,where both electrodes produce the particles, while they were surrounded by liquid medium. The two electrodes melted vaporized and turned into plasma, when high current density passes through the electrodes as they just contact mechanically. The metal plasma expands with supersonic velocity creating a shock wave in the surrounding medium. Finally, nanoparticles were formed by the interaction with the liquid. The vaporized particles where condensed more efficiently in the liquid than in ambient air. Electrical explosion of wire (EEW) in gas has been applied to synthesize many kinds of nanomaterial including metals and compounds. More recently, this method has been developed to synthesize metal nanoparticles in a solution, compared with the EEW in gas; EEW in liquid has been less investigated. It has become one of promising methods for synthesis metal nanoparticles because of its simplicity, effectiveness and low cost. Synthesis of nanoparticles in liquid needs no vacuum system. In addition, nanoparticles can be synthesized in water or any arbitrary solution without impurities [18, 15, 7] . Properties of nanoparticles synthesized by EEW depend on many parameters, which include wire properties such as wire dimensions (diameter and length) and material, characteristics of the electrical circuit, and ambient medium. Among these, the ambient liquid medium is an important parameter, which is much affecting the properties of nanoparticles. In the present work we provide a simple apparatus for the production of silver nanoparticles based on the explosion of thin silver wires in different liquids and report the effects of the explosion surrounding medium on the particle sizes, and particle size distribution, and (SPR) peaks location of Ag nanoparticles. A change of the ambient medium in the explosion process presents a simple and flexible technique to modify the properties of nanoparticles [14, 3, 19] .
EXPERIMENTAL DETAILS
The present work introduces a simple and efficient apparatus for the wire explosion, to produce large quantities of metallic nanoparticles. The electro-explosion of wires (EEW) is carried out in a reaction vessel of (500ml) prepared to house the twoelectrodes and the medium in which the explosion is carried out.The exploding wire is aligned to the correct geometry through the glass tube wire guide as shown in Fig.1 . Hard Teflonblocks, which is an insulator as well as it can withstand the explosion conditions, were used to fix the two electrodes. The metal plate is slidingthrough two groves on the face of one block, while the wire was passed through glass tube attached to the other block which placed opposite to the previous one.The two electrodes were connected through thick copper wires to the two terminals of the 36 Vbatteries. The electrical circuit remains open until the electrical contact is made by the thin wire when touching the plate mechanically, resulting in the wire explosion through a nonlinear process in a very short time due to high current density passes through the wire;this in turn opens up the circuit for another explosion process.Ag wires of purity 99.998%; Alfa Aesar and plates (dim: 70, 40, 2mm; Purity: 99.998%; Alfa Aesar) used in the explosion. The silver wires were at diameters of 0.2, 0.3 and 0.4 mm and 300mm length.Many parameters can influence the particles produced by EEW. In this work, we examined the effects of wire diameter and liquid type such aswater, ethylene glycol (a polar solvent) and cyclohexane (nonpolar solvent).
CHARACTERIZATION MEASUREMENTS
The structural features of the samples were studied by X-ray diffraction (XRD),X-ray diffraction measurements have been done according to the (ASTM) American Society of Testing Materials cards, using MINIFLEX II Japan deviceX-ray diffract meter of λ=1.54 Å from Cu-kα radiation, where few drops from the nanoparticle's suspension were dried on a glass substrate for recording X-ray diffraction. The average grain size (G.S.) can be estimated using the Scherrer's formula [11] . The surface roughness and topography of the deposited thin films are studied by TEM and SEM to confirm the nanoparticle's shape, size and particle sizedistributions. The TEM type was CM10 pw6020, from Philips-Germany. The test samples were prepared by placing a drop of suspension on a copper mesh coated with an amorphous carbon film. This process was repeated several times. The TEM carbon grids were loaded into the sample. The images were obtained at an accelerating voltage of 60 kV, with a maximum magnification of 25000x-920000x. The diameter of nanoparticles was calculated from the following equation (taken from CM10 TEM sheet):
(nm) (1) Where; D, d and M are nanoparticle diameter, real diameter on image and magnification of TEM respectively. UV-VIS 1800 spectrophotometer was used to measure the absorption spectrum of metallic NPs solution samples prepared at different conditions in the spectrum range (190-1100) nm. All spectra were measured at room-temperature in a quartz cell of a 1cm optical path.
RESULTS AND DISCUSSIONS
XRD study of Silver nanoparticles XRD was performed for the pure (bulk) silver and silver nanoparticles that obtained from exploding Ag wires with different diameters (0.2, 0.3 and 0.4 mm), in water media, ethylene glycol and cyclohexane.The diffraction pattern is shown in figures (2, 3 and 4), and the results were summarized atTable (1). Part of the solid matrix, was dried and held firm for XRD studies. The indexing process of a powder diffraction pattern was done, and Miller Indices (hkl) to each peak was assigned. All Miller Indices reveal the FCC structure of Ag nanoparticles. The peaks were assigned to the diffraction from the (111), (200), (220), and (311) planes of FCC Bulk Ag. We saw, in preference, diffraction peaks of Ag NPs at crystalline plans (111), (200), (220), (311) and (222).The relative intensities of the lines have, however altered, showing re-orientation of grains following their production through the EEW method. Diffraction pattern corresponding to impurities are found to be very low. This proves that pure Ag NPs were synthesized. When comparing the diffraction pattern of Ag NPs with bulk Ag, the peak positions of the Ag NPs planes were slightly shifted to higher 2θ values.
The average particle size of Ag nanoparticles, which were determined using Scherrer's equation, shows that silver nanoparticles produced in ethylene glycol have smaller size compared with that produced in water, and that produced in cyclohexane were smaller than that produced in ethylene glycol at the same conditions, this is because that the three media have different properties. The particle size decreased under fast explosion conditions, short plasma duration and with high-viscosity surrounding media. High viscosity was decreasing the particle size and raising the dispersion stability due to less expansion in the plasma volume. X-ray diffraction pattern for the silver nanoparticles produced in cyclohexane shows diffraction from two planes only with less intensity than that for bulk sliver, that means silver nanoparticles capped by a thick layer of cyclohexane, which preventing the appearance oflow intensity peaks.Parameters that can influence the properties of nanoparticles synthesized by EEW include electrical circuit parameters; voltage, the amount of energy deposited in the wire; the properties of the exploding wire (diameter, length); sublimation of the metal; and properties of the liquid, as viscosity, thermal conductivity, polarity and others, these factors interact with each other by a complex manner. Table ( 2) shows some of the physical properties of liquids media used in this work. 
UV-Visible absorption spectrum of silver nanoparticles
The UV-Visible absorption spectrum of thesilver nanoparticles prepared in water media is shown in figure (5-a) . The typical peaks at 393.91 nm, 397.83 nm and 407.83 nm corresponding to the characteristic surface plasmon resonance of silver nanoparticles obtained from silver exploding wires of diameter 0.2 mm, 0.3 mm and 0.4 mm respectively. The Plasmon band is slightly symmetric which indicate that the solution contains many aggregated particles, a conclusion that agrees with the electron micrograph observation of the TEM. It is well known that colloidal silver nanoparticles exhibit absorption at a wavelength from 390 to 420 nm due to Mie scattering [16] and this may not include the protecting agent, because the Mie scattering responds only to the silver metal. The plasmon bands are broad with an absorption tail in the longer wavelengths, which could be in principle due to the size distribution of the particles [8] .
The absorbance intensities are 0.380, 0.175 and 0.613 correspond to the 0.2, 0.3 and 0.4 mm exploding wire diameters respectively. Since the varying intensity of the plasmon resonance depends on the cluster size, the number of particles cannot be related linearly to the absorbance intensities. Figure (5-b) shows the UV-Visible absorption spectrum of silver nanoparticles prepared in Ethylene glycol, this spectrum shows symmetric plasmon bands which indicate that the solution contains less aggregated particles, while Figure (5-c) shows less symmetric plasmon bands with absorption tails in the longer wavelengths due to the broadeningin the size distribution, this figure belong to silver nanoparticles in Cyclohexane. The red shift of the absorbance maximum for silver nanoparticles were observed from 390.8 nm to 397.78 nm and to 410.89 nm for the surface plasmon resonance of silver nanoparticles in water resulting from 0.2 mm, 0.3 mm and 0.4 mm exploding wires respectively. In ethylene glycol and cyclohexane alsoa red shift were found of the absorbance maximum for silver nanoparticles with the increasing of nanoparticle size. When the silver nanoparticles agglomerated, the metal particles become electronically coupled, and this coupled system has a different SPR than the individual particles. For the case of a multi-nanoparticle aggregated, the Plasmon resonance will be red-shifted to a longer wavelength than the resonance of an individual nanoparticle and agglomerations is observed as peak intensity increase in the red region of the spectrum. Table ( 3) summarizes the results of the UV-Visible absorption spectrum of the silver nanoparticles prepared from exploding wire of different diameters in different liquids media. 
TEM and SEM images for Silver nanoparticles
In order to obtain deeper insights on the morphology and size distribution of the obtained AgNPs, the TEM analyses were employed. As one can see clearly from images of Figure ( 6), the Nano sized silver particles were well-formed and dispersed. The average-sized silver particles synthesized by 0.3mm exploded wire was about 65 nm with a relatively narrow distribution in water media, 64 nm in ethylene glycol and 85nm in cyclohexane media. From the images of TEM, varies sizes are observed with a range from 15-65nm and the particles have irregular shapes with slight agglomeration. Figure (7) shows SEM images for synthesized silver NPs inwater, ethylene glycol and cyclohexaneobtained by 0.3mm exploding silver wire. Fromthe images, varies sizes are observed with arange from 40-90nm; also, some particles have irregular shapes with agglomeration. 
CONCLUSIONS
Ourmeasurements confirm that silver nanoparticles have been generated by EEW technique. A change of the wire surrounding medium in the explosion process presents a simple and flexible technique to modify the properties of nanoparticles.The size of the NPs decreases with the decrease of the metal wire diameter for the three liquids used.For the same wire diameter, the NPs prepared in cyclohexanewere smaller than particles prepared in ethylene glycol and water respectively.UV-Visible absorption spectrum of silver nanoparticles showed SPR absorption peak. The central peak position depends on the wire diameter and surrounding media type, in other word on particle size. SEM and TEM images showed that the synthesized NPs have an average particle size less than 100 nm with narrow participle size distribution and having spherical shapes with slight agglomerations.
